The ascomycetous yeast genus Wickerhamiella is closely related to the genera Spencermartinsiella, Starmerella, Sugiyamaella, Trichomonascus, Yarrowia and Zygoascus on the basis of concatenated gene sequences for the nearly entire LSU rRNA, SSU rRNA, translation elongation factor-1a (EF-1a), and RNA polymerase II subunits 1 (RPB1) and 2 (RPB2) (Kurtzman & Robnett, 2013) . The type strain of the genus was initially described as Torulopsis domercqiae (as Torulopsis domercqii) by van der Walt & van Kerken (1960) . Van der Walt & Liebenberg established the new genus Wickerhamiella in 1973, and transferred T. domercqiae to this genus as Wickerhamiella domercqiae after examining two additional strains and observing conjugation and ascospore formation in two of the three available strains (van der Walt & Liebenberg, 1973) . In the fifth edition of The Yeasts, A Taxonomic Study, the genus Wickerhamiella accommodated five species: Wickerhamiella australiensis, Wickerhamiella cacticola, W. domercqiae, Wickerhamiella lipophila and Wickerhamiella occidentalis . There are more than 17 Candida species that are currently members of the genus Wickerhamiella on the basis of sequence-based phylogenetic analyses Badotti et al., 2013) . Subsequently, several additional members of the genus Wickerhamiella have been proposed, such as Wickerhamiella pagnoccae (Barbosa et al., 2012) , Wickerhamiella dulcicola and Wickerhamiella cachassae (Badotti et al., 2013) , Wickerhamiella slavikovae and Wickerhamiella goesii (Hagler et al., 2013) , and Wickerhamiella kiyanii and Wickerhamiella fructicola (Dayo-Owoyemi et al., 2014) . Given that yeasts of the genus Wickerhamiella are physiologically similar in their utilization of carbon and nitrogen compounds, separating them is difficult on the basis of phenotypic characteristics. Therefore, species identification should be based on rRNA gene sequence comparisons.
During a study of yeasts associated with insects, we isolated a large number of yeasts from the digestive tract of insects as well as from related substrates, including rotting wood, frass and galleries (Chen et al., 2013; Hui et al., 2013) . The majority of the yeasts belonged to several major clades in the subphylum Saccharomycotina; some of these species have been identified as novel species in earlier papers (Hui et al., 2012 (Hui et al., , 2013a (Hui et al., , 2013b Chen et al., 2013) . Amongst the insect associates, we focused on two strains of an asexual ascomycetous yeast species from the gut of the rhinoceros beetle Allomyrina dichotoma in China. Sequence analysis of the D1/D2 domains of the LSU rRNA gene revealed that the aforementioned strains represent an undescribed anamorphic yeast species belonging to the Wickerhamiella clade. In this paper, we describe this novel species as Wickerhamiella allomyrinae f.a., sp. nov.
The strains belonging to the proposed novel species, NYNU 13915 and NYNU13920 T , were isolated from the gut of two individuals of A. dichotoma in September 2013. Adult insects were collected from the Baotianman National Nature Reserve near Nanyang (approximate coordinates: 33 u 279 N and 111 u 489 E), which has a typical transitional climate from the northern subtropical zone to the warm temperate zone in central China.
The methods for yeast isolation were detailed by Nguyen et al. (2006) and Urbina et al. (2013) . The insects were usually placed in Petri dishes for 1-3 days without food prior to dissection. Withholding food helps to eliminate some contaminating organisms that might be isolated from the gut. Each insect individual was surface disinfected by washing in 70 % ethanol (5 min), 5 % bleach (5 min) and sterile water (10 min) prior to dissection. The aseptically removed gut contents and saline wash solution were plated separately on acidified yeast extract-malt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone, 1 % glucose, 2 % plain agar, adjusted to pH 3.5 with HCl), and incubated at 25 uC for 3-4 days. Single yeast colonies were purified at least twice, and stored in 15 % glycerol at 280 u C and/or on YM agar at 4 u C.
The morphological observations and metabolic tests that constitute the standard yeast description were performed according to established methods (Yarrow, 1998; Kurtzman et al., 2011) . Assimilation tests for carbon and nitrogen sources were performed in liquid media. Starved inocula were used in nitrogen and vitamin assimilation tests. Strains were examined for ascosporulation on the following agar media incubated at 15 u C and 25 u C for 1-4 weeks: YM agar, 5 % malt extract agar, corn meal agar and YCBAS agar (1.1 % yeast carbon base, 0.01 % ammonium sulphate and 1.8 % agar).
Genomic DNA was extracted using an Ezup Column Yeast Genomic DNA Purification kit according to the manufacturer's protocol (Sangon Biotech). The D1/D2 domains of the LSU rRNA gene and ITS regions were amplified by PCR, and sequenced using primers NL1 and NL4 (Kurtzman & Robnett, 1998) and ITS1 and ITS4 (White et al., 1990) , respectively. Both DNA strands were sequenced, and the reactions were carried out using a Dye Terminator cycle sequencing kit (Applied Biosystems).
The sequences were compared in a pairwise manner using a BLAST search (Altschul et al., 1997) , and aligned with the sequences of related species retrieved from GenBank using the multiple alignment program CLUSTAL X version 1.81 (Thompson et al., 1997) . A phylogenetic tree based on LSU D1/D2 sequences was reconstructed using the neighbourjoining method in MEGA 5.0 (Tamura et al., 2011) . Evolutionary distance data were calculated from Kimura's two-parameter model (Kimura, 1980) in the neighbourjoining analyses. All sites containing gaps in the alignment were excluded. Dipodascus magnusii NRRL Y-17563 T and Starmerella bombicola NRRL Y-17069 T were used as outgroups. Confidence levels of the clades were estimated from bootstrap analysis (1000 replicates) (Felsenstein, 1985) , and only values above 50 % were recorded on the resulting tree. Reference sequences were retrieved from GenBank under the accession numbers indicated on the tree (Fig. 1) .
Sequence comparison and species delineation
The two strains of W. allomyrinae sp. nov. were found to share identical sequences in both D1/D2 and ITS regions. Sequence analyses of the D1/D2 domains of the LSU rRNA gene revealed that this novel species was closely related to species in the Wickerhamiella clade (Saccharomycetes, Saccharomycetales). In terms of pairwise sequence similarity, the close matches to W. allomyrinae sp. nov. were Candida musiphila, Candida spandovensis and Candida sergipensis. The D1/D2 sequences of the novel species showed a sequence divergence of 9.3 % (35 substitutions and 17 gaps over 548 bases) from the closest relative C. musiphila. The novel species also differed from its other two close relatives, C. spandovensis and C. sergipensis, by sequence divergences of 9.4 % and 9.8 %, respectively. For the ITS region, this novel species differed by sequence divergence of 13.3 % and 21.4 % from C. musiphila and C. spandovensis, respectively. However, pairwise sequence analysis with C. sergipensis could not be performed because its ITS sequences are not currently available from either the NCBI GenBank database or the CBS database.
A phylogenetic analysis based on the D1/D2 domains of the LSU rRNA gene sequences indicated that W. allomyrinae sp. nov. forms a subclade with C. spandovensis and C. sergipensis (Fig. 1) . The bootstrap support for this subclade was relatively low (86 %; Fig. 1 ). The high degree of sequence divergence among the described species of the subclade could be the result of many unknown species yet to be discovered, and also explain the low branch support of this subclade. More importantly, the novel species occupies a basal position with respect to C. spandovensis and C. sergipiensis, indicating that the phylogenetic species concept applies in the present case.
Since the two isolates of W. allomyrinae sp. nov. were located in the Wickerhamiella clade, which contains six sexual species assigned to the genus Wickerhamiella, special efforts were made to induce their sexual state. However, the strains did not produce ascospores or exhibit conjugation on the most common sporulation media (YM agar, 5 % malt extract agar, corn meal agar and YCBAS agar), alone or mixed in pairs, at 15 u C or 25 u C for 1-4 weeks. In spite of this result, the novel species was assigned to the genus Wickerhamiella in conformance with the provisions of the Melbourne Code (Norvell, 2011) .
W. allomyrinae sp. nov. exhibited a narrow range of carbon and nitrogen assimilation, which is typical for species in the Wickerhamiella clade. However, the species could be distinguished from the closely related species, C. musiphila, C. spandovensis and C. sergipensis, by growth on vitaminfree medium and at 37 uC, which was positive for the novel species and negative for the three closely related species (Table 1) . Furthermore, W. allomyrinae sp. nov. could be distinguished from C. musiphila in terms of ability to assimilate salicin, succinate and citrate, but not D-xylose. The novel species also differed from C. spandovensis by positive assimilation of salicin, inability to ferment glucose and galactose, and the lack of assimilation of L-arabinose, xylitol, galactitol and ethanol. The novel species was easily separated from C. sergipensis based on the ability to assimilate citrate and succinate, and the inability to assimilate xylitol, galactitol or ethanol.
Most species in the Wickerhamiella clade are highly specialized nutritionally and ecologically, and some of them have a strong association with flowers and floricolous insects Barbosa et al., 2012) . For example, Lachance et al. (1998) described five species in the Wickerhamiella clade, including two asexual taxa, Candida drosophilae and Candida lipophila, isolated from flowers of Ipomoea acuminata and its associated insect Drosophila floricola. Recent samplings of yeasts revealed that the sugar cane plant may be a new habitat for some yeasts in this clade. W. slavikovae and W. goesii were isolated from sugar cane plants (Hagler et al., 2013) , whereas W. dulcicola and W. cachassae were isolated from sugar cane juice and must, respectively (Badotti et al., 2013) . Of the 53 yeast strains isolated in this study, Candida maltosa, Candida boleticola and Trichosporon moniliiforme were the most frequently isolated species from the gut of rhinoceros beetles. By comparison, only two isolates of W. allomyrinae sp. nov. were obtained from the environment we tested, making it more difficult to speculate about the habitat of this novel species. However, two other strains, namely Candida sp. BG02-7-18-027A-1-2 and Candida sp. BG01-7-26-006A-1-1, in the same subclade have been isolated from the gut of beetles, suggesting that this group of species may occur in beetle guts and similar substrates in the Baotianman Reserve.
Description of Wickerhamiella allomyrinae Hui, Ren, Wang, Chen & Ke sp. nov. Wickerhamiella allomyrinae (al.lo.my.ri9nae . N.L. fem. gen. n. allomyrinae referring to the genus of the host beetle, Allomyrina dichotoma).
In YM broth after 3 days at 25 u C, cells are ovoid and variable in size (2-463-5 mm), and occur singly or in pairs. Budding is multilateral (Fig. 2) . A sediment is formed after one month, but no pellicle is observed. On YM agar after 3 days at room temperature, colonies are white, convex, smooth and opalescent, with an entire edge. In Dalmau plates after 2 weeks on corn meal agar, pseudomycelia or true mycelia are not formed. No asci or signs of conjugation are observed after growth on the most common sporulation media. Fermentation of glucose is negative. Glucose, galactose, L-sorbose, sucrose, maltose, salicin, arbutin, raffinose, glycerol, ribitol, glucitol, mannitol, D-galacturonate, succinate and citrate are assimilated. 
